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Abstract 

Aim: The aim of this study was to investigate the demographic characteristics, comorbidity factors and intraoperative and postoperative data of patients over 
18 years of age who underwent endovascular aortic repair (EVAR) and thoracic endovascular aortic repair (TEVAR) due to aortic pathologies and to compare 
them with the literature. 

Materials and Methods: In this study, 52 patients who underwent endovascular repair for aortic pathology in Bursa Yiiksek ihtisas Hospital between January 
2015 and May 2017 were evaluated retrospectively. 

Results: It was found that 40 patients underwent EVAR and 12 patients underwent TEVAR. The mean ages of patients who underwent EVAR and TEVAR were 
71.6 + 7.26 years and 59.75 + 15.29 years, respectively. Male gender was statistically significantly dominant among all patient groups (p <0.05). The most 
frequent comorbidity was hypertension in both groups. The most preferred method for anesthesia was local anesthesia administered together with sedoanal- 
gesia (71.43%). Bleeding was the most common complication. Mortality rate was 7.14% among all patients. 

Discussion: The results of patients who underwent endovascular repair for aortic pathologies may vary among different centers according to the number of 
patients involved and surgical experience. Our results are consistent with those in the literature. 
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Introduction 

The frequency of diagnosis of aortic diseases has escalated due 
to technological advances, an increase in the elderly population, 
and easy access to health services. In their study involving aor- 
tic aneurysm patients conducted across 21 countries, Samp- 
son et al. have reported that mortality rates have increased to 
2.78/100000 from 2.49/100000 between 1990-2010. This is 
due to the upsurge in the frequency of diagnosis [1]. 

Despite advances in imaging methods and modern treatment 
protocols, aortic pathologies are highly serious cases in which 
early diagnosis remains important. The high postoperative 
mortality in open surgical methods, especially in risky patient 
groups, necessitated the search for new methods. Endovascular 
repair therapies, which emerged as a result of the search for 
new methods, first began to become widespread in the 1990s. 
While EVAR and TEVARwere primarily performed in risky pa- 
tients, advances in stent graft technology have led to a broader 
range of indications [2,3]. 

It has been reported that the use of blood products and me- 
dium- and long-term mortality rates are lower, and operation 
times, stays in the intensive care unit and hospitalization dura- 
tions are shorter in endovascular repair performed for aortic 
pathologies [4,5]. 

In endovascular repair treatment, anesthesia management 
plays a vital role in reducing patient risk and increasing the 
comfort of the procedure. The used anesthesia methods range 
from general and regional anesthesia to sedoanalgesia and lo- 
cal anesthesia [5]. 

In this study, we aimed to examine the patients who received 
anesthesia during endovascular treatment of aortic patholo- 
gies in our clinic and contribute to the literature by discussing 
our results. 


Material and Methods 

The study was begun after the approval of the ethics committee 
was obtained according to the Helsinki Declaration. The study 
population consisted of patients over 18 years of age who re- 
ceived anesthesia during endovascular repair for aortic pathol- 
ogy in our hospital between January 2015 and May 2017. The 
data required for the study were retrospectively obtained from 
patient files and hospital information system. Demographic 
data and comorbid factors were recorded. American Society of 
Anesthesiologists (ASA) scores, ejection fraction, location and 
type of aortic pathology, procedure, anesthesia method, dura- 
tion of anesthesia and procedure, hemodynamic findings, inten- 
sive care unit and hospital stays, complications and mortality 
were also noted. The criteria for inclusion in the study were 
defined as patients of 18 years or older who underwent endo- 
vascular treatment for aortic pathologies with general anesthe- 
sia, regional anesthesia or sedoanalgesia with local anesthesia. 
Exclusion criteria included patients younger than 18 years and 
patients who developed cardiac arrest before the procedure. 
Routine Surgical Procedure 

Patients’ anamnesis, physical examination, biochemical and ra- 
diological examinations were evaluated, and the decision was 
made for endovascular repair. The procedure was performed in 
patients with high expected peroperative morbidity and mor- 
tality for open surgery and whose aortic anatomies were suit- 


able for endovascular repair. EVAR and TEVAR patients were 
informed about the procedure and that they could be treated 
with open surgery if necessary. Informed consent was obtained 
from all patients. Anesthesia consultation was requested for 
preoperative evaluation. 

Routine Anesthesia Procedure 

The patients’ age, gender, history of anesthesia and surgery, 
and comorbid factors were questioned before EVAR and TEVAR 
procedures. Preoperative examinations were evaluated. The 
drugs they used were recorded. Preparations were made for 
blood and blood products. Consent documents were obtained 
for anesthesia. In elective cases, 5 mg peroral diazepam was 
administered as premedication on the night of the operation. 
All patients were intraoperatively monitored for cardiac status- 
es with electrocardiography in D2 and V5 derivations, oxygen 
saturation with pulse oximetry. Following intravenous cannula- 
tion with 16-18-gauge needles, appropriate crystalloid solution 
infusion was initiated. Arterial pressure monitorization was 
achieved by invasive right and left radial artery catheterization 
in patients with thoracic aortic pathologies and right radial ar- 
tery catheterization in those with abdominal aortic pathologies. 
After evaluating the general condition of the patient according 
to the risk factors, the type of anesthesia was decided. General 
anesthesia was preferred in patients who may have problems 
obeying commands, experience severe pain or when there was 
a possibility of prolongation of the procedure, while local anes- 
thesia with regional or sedoanalgesia was preferred for others. 
Induction of general anesthesia was achieved with 1-2 p / kg 
fentanyl (Talinat, Vem Pharmaceutical Co., Turkey), 2mg / kg 
propofol (propofol Fresenius vial, Germany) and 0.6 mg / kg ro- 
curonium (Myokro, Vem Pharmaceutical Co., Turkey). The pa- 
tients were put on anesthesia device (Drager Primus, Germany) 
support following orotracheal intubation.The parameters of 
the anesthesia device were as follows: Fresh gas input: 2 L/ 
min, FiO2: 50% (oxygen and air), Tidal volume: 8-10 ml/kg. Re- 
spiratory rate was regulated (partial carbon dioxide pressure 
was aimed to be 35-42 mmHg). Anesthesia was maintained by 
sevoflurane (Sevorane, Abbott, USA) inhalation. Central venous 
catheterization of the internal jugular vein was performed by 
the Seldinger technique to monitor central venous pressure 
when needed, according to the risk level of aortic pathology. A 
bladder catheter was placed for diuresis monitoring. 

The same invasive procedures and monitorization were per- 
formed in patients in which local anesthesia or regional anes- 
thesia with sedoanalgesia was planned. The targeted level of 
sedoanalgesia was coincided with a Ramsey sedation score of 
3-4. 0.03 mg/kg midazolam (Zolamid, VemPharmaceutical Co., 
Turkey) andip/kg fentanyl (Talinat, Vem Pharmaceutical Co., 
Turkey) were administered at intermittent boluses. Systemic 
heparinization during endovascular repair was administered 
after one hour in patients undergoing regional anesthesia. An- 
ticoagulation was monitored with activated coagulation time 
(ACT) measurement. Blood products were used according to 
hemoglobin and hematocrit values and blood loss. 
Hemodynamic parameters of the patients were monitored, and 
vasopressor or antihypertensive agents were administered as 
needed. Patients were transferred to the intensive care unit fol- 
lowing the endovascular repair procedure. 
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Statistical Method 

SPSS 21.0 (Statistic Inc. version Chicago, IL, USA) software was 
used for statistical analysis of the data. Descriptive statistics 
were expressed as mean + standard deviation for continuous 
variables and number of patients (%) for nominal variables. Re- 
sults were considered statistically significant at p<0.05 at a 
confidence interval of 95%. 


Results 

Among 52 patients whose data were obtained from the hospi- 
tal registry and patient files, 40 patients underwent EVAR for 
abdominal aortic pathology and 12 patients underwent TEVAR 
for thoracic aortic pathology. Fifteen patients were female, and 
37 patients were male. There was a statistically significant 
male gender dominance in both groups (p <0.05). The mean 
ages of patients who underwent EVAR and TEVAR were 71.6 
+ 7.26 years and 59.75 + 15.29 years, respectively (p <0.05). 
The demographic data and preoperative characteristics of our 
patients are summarized in Table 1. 


Table 1. The demographic and preoperative characteristics of 
patients 


EVAR TEVAR 


(n=40) (n=12) P 
n, % n, % 
Female 115,90) 27,5: 4, % 33,33 
Male 29, % 72,5 8, % 66,67 
Aneurysm 51,90 77,5 9/95 75 
Aneurysm rupture 6,% 15 2, % 16,67 > 0,05 
Dissection ay he) Rey yan 
ASA 3 31,% 77,5 9,% 75 
ASA 4 9, % 22,5 3, % 25 
Mean age (Years) + SD 71,6+7,26 59,75+15,29 < 0,05 
Body weight (kg) + SD 79,77+9,77 84,16+9,56 > 0,05 
Ejection Fraction+ SD 48,87+6,75 51,50+6,50 


SD: Standard deviation, p< 0,05: Significant, n: number, ASA: American Society 
of Anesthesiologists 


The most frequent comorbidity in both the EVAR and TEVAR 
groups was hypertension (Table 2). Other comorbidities in- 
cluded diabetes mellitus, chronic obstructive pulmonary disease 
(COPD), cerebrovascular events, coronary artery disease, pe- 
ripheral arterial disease, and smoking. There was no statisti- 
cally significant difference in terms of comorbidities between 
the two groups (p> 0,05) (Table 2). 

Seven out of 40 EVAR and three out of 12 patients TEVAR pro- 
cedures occurred under emergency conditions. A patient who 
underwent emergency TEVAR procedure had trauma-related 
dissection in the etiology. 

In our series of 42 patients, the most preferred anesthesia 
method was sedoanalgesia along with local anesthesia (n=30, 
71.43%). Spinal anesthesia was preferred in all patients receiv- 
ing regional anesthesia. Among EVAR patients, 8 underwent 
general anesthesia (20%), 11 underwent spinal anesthesia 
(27.5%) and 21 received local anesthesia with sedoanalgesia 
(52.5%). Among TEVAR patients, 3 underwent general anes- 
thesia (25%) and 21 received local anesthesia with sedoanal- 
gesia (75%). No statistically significant difference was found 


Table 2. The comorbidities of patients 


EVAR TEVAR 

(n=40) (n=12) 

n,% n,% 
Hypertension 35,% 87,5 9, % 75. 
Diabetes Mellitus 7,% 17,5 2, % 16,67 
COPD 12, % 30 4, % 33,33 
Cerebrovascular events 3,% 7,5 1, % 8,33 
Coronary Artery Disease 18, % 45 5, % 41,67 
Peripheral Arterial Disease 11, % 27,5 3,% 25 
Smoking 17, % 42,5 5, % 41,67 


n: Number , COPD: Chronic Obstructive Pulmonary Disease 


between the EVAR and TEVAR groups in terms of hemodynamic 
findings, duration of anesthesia, duration of surgery, intensive 
care unit and hospital stays (p> 0.05) (Table 3). 

In the EVAR group, open surgery was performed after bleeding 
in three patients, neurological dysfunction, infection and en- 
doleak development were seen in two, one and one patients, re- 
spectively. Among TEVAR patients, conversion to open surgery 
after bleeding was seen in one patient while one patient had 
endoleak development. Mortality was encountered in two of the 
EVAR and one of the TEVAR patients, with an overall mortality 
rate being 7.14%. 


Table 3. Intraoperative and Postoperative Data 


EVAR TEVAR 
(n=40) (n=12) 
Preoperative Pulse (beats/min) + SD 69,65 + 11,09 71,42 + 12,16 
Intraoperative Pulse (beats/min) + SD 68,45 + 11,45 66,58 + 9,39 
Postoperative Pulse (beats/min) + SD 69,73 + 10,40 71,08 + 10,66 
Preoperative Mean Arterial Pressure 99,02 +15,12 99,92 + 14,56 
(mm/Hg) + SD 
Intraoperative Mean Arterial Pressure 77,30 + 10,47 7425 + 10,54 
(mm/Hg) + SD 
Postoperative Mean Arterial Pressure 77,62 £11.03 79,58 + 9,44 


(mm/Hg) + SD 


Duration of Anesthesia (minutes) +SD 128,67 + 14,65 126,75 + 10,67 


Duration of Operation (minutes) + SD 107,97 + 13,64 104,16 + 10,31 


Intensive Care Unit Stay (days) + SD 1,62 + 0,76 1,89 + 0,78 


Duration of Hospitalization (days)+SD 4,72 + 1,52 5,25 + 1,74 


SD: Standard Deviation, n: Number 


Discussion 

The concept of endovascular aortic reconstruction, first pro- 
posed by Volodos et al. and then by Parodi et al. in 1991, is 
now accepted as a reliable method [6-8]. This has changed the 
treatment approach of aortic pathologies and rendered endo- 
vascular repair the preferred treatment model. Endovascular 
repair has become feasible in all aortic pathologies with the 
development of hybrid techniques and new generation stent 
grafts. 

There are studies showing that endovascular approach in aor- 
tic repair significantly reduces perioperative mortality and mor- 
bidity compared to open surgery [9-15]. Advantages of endo- 
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vascular technique include the lack of laparotomy, thoracotomy, 
and the need for clamping the aorta, therefore less blood loss 
[9-15]. In addition, in endovascular repair, physiological stress 
of the patient is less than open surgery. Therefore, endovas- 
cular techniques have become prominent in the treatment of 
aortic pathology in patients with severe comorbid diseases who 
are not suitable for open surgery. 

Advanced age, family history, male gender, cardiovascular dis- 
ease, and smoking are among the identified risk factors for ab- 
dominal aortic aneurysms [16-18]. In a study about the effect 
of gender on the rate of enlargement of abdominal aortic an- 
eurysms, Mofidi et al. reported that the incidence of abdominal 
aortic aneurysm is four times higher in men than in women [19]. 
In our study, 29 patients (72.5%) were male and 11 patients 
were female (27.5%) in our EVAR series, and the mean age in 
this group was 71.6 + 7.26 years (Table 1). In addition, it was 
found that coronary artery disease and smoking accompanied 
47.5% and 45% of the patients, respectively (Table 2). All these 
results were consistent with the literature. The mean age of our 
TEVAR patients was significantly lower than that of EVAR pa- 
tients (p <0.05) (Table 1), which was compatible with the study 
by Piffaretti et al. [20]. 

Hypertension is one of the most crucial factors in the etio- 
pathogenesis of aortic aneurysms [21]. Hypertension is re- 
ported to accompany aortic dissection in 75% of patients. In 
our patients, hypertension was concurrent in 87.5% of patients 
treated with EVAR and 75% treated with TEVAR, which showed 
that hypertension was an important etiologic factor in our se- 
ries (Table 2). 

In their abdominal aortic aneurysm patient series in which they 
performed open and endovascular repair, Menezes FH et al. re- 
ported that the rate of comorbidity of diabetes mellitus was 
12.09 % [22]. In our study, this rate was 17.5% in EVAR and 
16.67% in TEVAR patients. Although our results were slightly 
higher, we concluded that akin to the literature, diabetes mel- 
litus was an important comorbid factor. 

These comorbidities increase the risk of anesthesia in aortic 
pathologies, which is highly hazardous itself. The availability 
of regional and local anesthesia methods makes endovascu- 
lar intervention advantageous in high-risk patients [23]. With 
the increase in the number of endovascular repair therapies, 
studies on anesthesia experience and comparison of anesthetic 
methods have started to take place in the literature [5,24,25]. In 
these studies, it was emphasized that patient compliance and 
urgency, location of aortic pathology, anesthesiologist’s experi- 
ence and duration of operation were crucial factors in choosing 
an anesthesia method during endovascular aortic procedures. 
In patients undergoing endovascular aneurysm repair, general, 
epidural and local anesthesia methods have been compared 
and local anesthesia has been reported to provide better hemo- 
dynamic stability [25,26]. In our study, the most preferred anes- 
thesia method was local anesthesia with sedoanalgesia with a 
rate of 71.43% among all our patients. 

Sedoanalgesia can be administered as infusion and intermit- 
tent bolus [27]. We administered a combination of midazolam 
and fentanyl as intermittent bolus according to Ramsey seda- 
tion scale in our patients and encountered no complications. 

It has been reported that regional anesthesia techniques can be 


applied successfully in endovascular graft treatments and that 
conversion to general anesthesia is low [24,28]. However, it is 
stated that anticoagulants used in patients after the procedure 
and patients with coagulation disorders will expose patients to 
complications such as spinal hematoma [29]. Huang et al. re- 
ported that spinal anesthesia may be a better choice instead 
of anesthesia administered through an epidural catheter [29]. 
We found that spinal anesthesia was the preferred method of 
regional anesthesia in our patients with a rate of 100%. In or- 
der to prevent the risk of spinal hematoma complication, we 
waited for one hour after regional intervention for systemic 
heparinization, as recommended by ASA [30]. 

General anesthesia may be preferred especially in emergency 
cases where the hemodynamics are disrupted, in procedures 
that may last for a long time depending on the location of the 
aortic pathology, in cases requiring controlled respiration and 
in patients who can not maintain the necessary immobility dur- 
ing the procedure. However, studies of large series conclude 
that general anesthesia may increase mortality morbidity rates, 
and prolong intensive care and hospital stays in these patients 
[5, 24-26]. Another study with broad participation associated 
general anesthesia with prolonged operation time and high 
systemic complications in addition to prolonged intensive care 
stays and duration of hospitalization in EVAR patients [28]. 

In our study, the rate of general anesthesia was 20% in EVAR 
and 25% in TEVAR patients. While urgent and hemodynamically 
unstable cases constitute some of these patients, the long du- 
ration of operation and inadequate cooperation of the patient 
have been effective in the preference of general anesthesia, 
similar to the literature. We believe that preferring general an- 
esthesia in hemodynamically unstable patients may be associ- 
ated with increased mortality and morbidity, as well as pro- 
longed intensive care and hospital stay. 

Dutch Randomized Endovascular Aneurysm Management 
(DREAM) study comparing the short-term results of endovascu- 
lar treatment with open surgical treatment is one of the most 
important studies in this field (345 cases, 171 endovascular 
repairs, 174 open surgical repairs) [9]. In this study, operative 
time was 135 (105-150) minutes, intensive care unit stay was 
16 (0-20) hours, hospital stay was 6 (3-6) days in endovascular 
repair, and these results were reported to be significantly short- 
er than open surgery. Menezes FH conducted a similar study et 
al. on 377 patients (286 open surgical repairs, 91 endovascular 
repairs) [22] and found that operation time was 3.58 + 1.26 
hours, and hospital stay was 9.37 + 10.65 days in endovascular 
repair.These results were reported to be significantly shorter 
than open surgery as well. In our study, the duration of sur- 
gery and hospitalization in our EVAR and TEVAR patients were 
shorter than the other studies and similar to DREAM results 
(Table 3). The duration of ICU stay was 1.62 + 0.76 days in 
EVAR patients and 1.89 + 0.78 days in patients who underwent 
TEVAR (Table 3), and these periods were longer than, although 
close to, DREAM results. 

In the DREAM study which compares the results of open surgery 
and EVAR, researchers found that mortality rates were 1.2% in 
the EVAR group.In the study of Menezes et al., the same rate 
was reportedly 7.69% in EVAR patients [9,22]. In our study, the 
mortality rate was 7.14% among all patients undergoing endo- 
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vascular procedure. This result is higher than the DREAM study 
and close to that of Menezes et al. While bleeding was the most 
common complication among all our patients, neurological dys- 
function, superficial wound infection and endoleak development 
were also encountered. Bleeding and other complications were 
found to be higher than the DREAM study. We believe that sur- 
gical experience as well as the number of patients are impor- 
tant factors in differing results among various centers. 

Cost is one of the essential elements that the researches on 
this subject emphasize. Jon S. Matsumura et al. compared the 
costs of open surgical treatment and endovascular treatment 
in a randomized study of 881 patients with abdominal aortic 
aneurysms. They found that although the cost in endovascular 
treatment was lower than open surgery, this difference was not 
statistically significant [31]. 

The limitation of our study was the small number of patients 
and its retrospective nature. 

Conclusion: 

Less invasive and faster procedures, shorter hospital stay, in- 
creased patient comfort, and high success rates are all factors 
contributing to the wide acceptance and spread of endovas- 
cular techniques in aortic pathology. These patients are also 
high-risk bearers for anesthesia. The selection of the appropri- 
ate anesthesia method should be based on the evaluation of 
the individual characteristics for each patient. Surgical factors, 
patient compliance, and comorbidities are principal factors in 
this selection. We believe that the endovascular procedure out- 
comes are more dependent on the characteristics of the patient 
than the anesthetic method. 
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